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Toughness enhancement mechanism of cement-sodium silicate composites
based on fiber bridging and calcium ion regulation
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(1. School of Transportation Engineering, Shandong Jianzhu University, Jinan 250101, Shandong, China;
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[ Abstract] Cement-sodium silicate (C-S) grout struggles to effectively absorb dynamic load energy in practical engineering due
to insufficient toughness. To address this problem, a ternary synergistic modification system of CaO-EG-PP was proposed. By regulat-
ing calcium ion concentration and the bridging effect of polypropylene (PP) fibers, the effects of different mixing ratios (0%~5% calci-
um oxide (Ca0O), 0.04% ethylene glycol (EG), 0%~1% PP fibers) on the mechanical properties of C-S consolidates are investigated.
Combined with experiments on setting time, compressive strength, flexural-compressive strength ratio, tensile-compressive strength ra-
tio and impact resistance, the toughness enhancement mechanism is revealed. The results show that when the volume ratio (V, : V) in-
creases from 2 : 1 to 5 : 1, the setting time is shortened by 41.2%~54.2%. For the group with 1% CaO + 0.04% EG, the compressive
strength reaches 6.75 MPa at a PP fiber content of 0.2%, which is 13.4% higher than that of the control group, and the elastic modulus
increases by 36.1% simultaneously. The tensile-compressive strength ratio of the group with 3% CaO + 0.04% EG is increased by
5.4%~104.1% compared with the control group, and the PP fiber bridging effect raises the impact energy consumption at complete
cracking to 147.15 J (39.24 J for the control group). The study indicates that optimized calcium ion concentration balances the charge
density of silicate tetrahedra to stabilize the gel structure, ethylene glycol strengthens interfacial bonding via hydrogen bonds, and fiber
bridging together with topological entanglement inhibits microcrack propagation. The three components synergistically realize the
coupled enhancement of ion regulation-hydrogen bond stabilization-fiber toughening.

[ Key words] cement-sodium silicate slurry couple; fiber bridging; tensile-to-compressive ratio; impact resistance test; toughness;

mechanical properties
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Tab.1 Technical indicators of ethylene glycol

CHO, & (20 °C)

R (LIH & &1)

s AR 27 K519 KIBEEk % . TRIREL & /%
1% /(grem™) /(mmol-g")
>99.5 L1112~ 1.115 62.07 0.2 0.005 0.001 0.002
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Fig.1 Shape and dimensions of tensile test specimens
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1.3 BbA b Bk AE 4 &

FEK e KWK K A 12 10K 1000 g),
IKBEFE N 30°BER 20°B¢, K IR -5 7K BE FE S AR
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HRE 2 PEATFSY, WIPE$E T CaO. EG. PP HI3E
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Tab.2 Material ratio

LN

T omBRmEomE G PP

1 0.00(0 g)+0.00(0.0 g) 0.0(0 g)

2 1.00(10 g)+0.04(0.4 g) 0.2(2¢g)

3 3.00(30 g)+0.04(0.4 g) 0.6(6 g)

4 5.00(50 g)+0.04(0.4 g) 1.0(10 g)

x3 RBRAR
Tab.3 Experimental plan
. CaOWy#B1/%+ PP i CaOWJ#B/%+ PPI
EGHiBE/% BE/% EGHyiBE/% BE/%

1 0+0.00 0.0 9 3+0.04 0.0
2 0-+0.00 0.2 10 3+0.04 0.2
3 0+0.00 0.6 11 3+0.04 0.6
4 0+0.00 1.0 12 3+0.04 1.0
5 1+0.04 0.0 13 5+0.04 0.0
6 140.04 0.2 14 5+0.04 0.2
7 1+0.04 0.6 15 5+0.04 0.6
8 1+0.04 1.0 16 5+0.04 1.0
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Rb 450 RG], B A RIS TR SN 28 Dy i B[]
e R (WL 2(a)) .

3BT 2(b) AT, BEFE 1% 52 FE I REAIR, C-S J
AUBELSIN TR/ o 72 V. 2 V=2 ¢ 1, JKIEHE 20°Béss
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Fig. 2 Schematic diagram and data graph of setting time
measured by the pouring cup method
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Fig.3 Schematic diagram of compressive strength
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Fig. 4 Data graph of compressive strength and elastic
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Fig. 6 Schematic diagram of flexural test
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Xt BRZ1 14 0.18, 0.18, 0.21, 0.24 ¥ T+ T 5.6%, 6.7%,
4.7%, 8.3%; CaO(3%)+EG(0.04% ) 2H 37 1% 1t &2 B 5%
P 5 JE REAR AR S, 3T R L4 5 0.20, 0.20, 0.28,
0.25, LA IBZHERTE T 11.19%, 11.1%, 33.3%, 4.2%.

iR 8 T, AE V. 2 V=51 1, JKBIEE 30°Bé
ZUETR, M E PP RN, B CaO(1%)+
EG(0.04% ) 471 Lt 22 B Pe 52 51 5 AR i 3, oy
JE A #] 0.33 ~ 0.44, L X BB ZH Y 0.28 ~ 0.40 $2 7t
12.8% ~ 46.7%; T CaO(3%)+EG(0.04% )40 37 JE Lt
SIS T AR e 0 A, AT R Lk )
0.33 ~ 0.46, LLXTRRZAAIHETY 2.5% ~ 43.3%.
24 FJEK

IR (T/C) BTHisR I SRR A, &
Hes MK B ZE R 7R 2T, — R T R Bk R
P R A LA 9, IRIGEE AN 10 R

9 ECC ik REE
Fig. 9 Schematic diagram of ECC tensile test
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Fig. 10 Data graph of tension-compression ratio of ECC
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HE— IR T MR BIE, AR ER ARG &

V.: V=21, KIEEE 30°Be&c R, CaO(1%)+
EG(0.04% ) 417 Lb 52 I REAR S $ 3 i R 34, HE 4T
4k 0%, 0.2%, 0.6%, 1.0% B8, L JE Ll 5.32x
107° ~ 8.03x107° LLXFHEZH ) 3.21x107° ~ 6.28x107° &
Tt 5.1% ~ 150.2%; CaO(3% )+EG(0.04% ) 4H $i7 [t kb
SR S AR B S R AR R 5.65%
107° ~ 11.98x107°, L X HEAL T} 49% ~ 186.6%; CaO
(5%)+EG(0.04%) 41 $i7 & Hb 52 B e 48 i I AR i) i
P ZAHPE A 3.94x1075 ~ 7.48x107°%, HL X HEZH
T4 19.1% ~ 92.5%.,

Vo: V=21, KBEEE 200Be4: 4 F, CaO(3%)+
EG(0.04% )41 H7 & bb 52 I RF 2 42 i3 i #a 5, i g
JEHA 16%107° ~ 19.15x10°°, HEXTHEZHAY 7.84%107° ~
18.17x10°° $2Ft 5.4% ~ 104.1%.

V.: V=51, KBRS 30°BeAc 4, CaO(3%)+
EG(0.04% )4 $7 % Lb 2 BRF 2R IR p #a 3, iz A hr
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25 FFTIR, CaO(3%)+EG(0.04% ) 404 1A Al 14
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25 AEMERR

R0 AR 3 (£F 4R TR % X5 )7 75 ) (CECS 13:
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Fig. 11 Schematic diagram of impact resistance experiment
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1 2 19.62 4 39.24 9 1 9.81 2 19.62
2 2 19.62 5 49.05 10 4 39.24 7 68.67
3 3 29.43 4 39.24 11 1 9.81 2 19.62
4 6 58.86 11 107.91 12 4 39.24 7 68.67
5 9 88.29 10 98.10 13 3 29.43 4 39.24
6 11 107.91 15 147.15 14 1 9.81 3 29.43
7 9 8.29 14 137.34 15 2 19.62 4 39.24
8 3 29.43 5 49.05 16 2 19.62 10 98.10
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Fig. 12 Schematic diagram of mechanism analysis
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